Summary
INTRODUCTION
Hop (Humulus lupulus L.) plant family Cannabaceae is an essential raw material used in brewing. The main parts used in medicine are the whole female inflorescences called cones. They are covered fibers, producing the yellow secretion -lupulin, rich in various substances. In addition to the essential oil, resin and tannins, hop cones also contain bitter acids which are responsible for the bitter taste and characteristic aroma of beer [1, 2] . In medicine, hop is a component of preparations used to relieve nervous tension, insomnia, anxiety and digestive problems [1, 2] . Hop extracts also show the estrogenic activity, thus they are used supplementary in the gynecological disorders [1] [2] [3] . This action is caused by the flavonoids present in the hop extracts. One of them is 8-prenylnaringenin (8-PN), which is being considered to be the most powerful phytoestrogen (PE) [4] . Apart from 8-PN, the estrogenic properties (although weaker) are shown in 6-prenylnaringenin (6-PN), 6,8-diprenylnaringenin and 8-geranylnaringenin [4, 5] . Other hop flavonoids include xanthohumol (XH -prenylated chalcone, the richest), isoxanthohumol (IX), desmethylxanthohumol (DMX) and 6-prenylnaringenin (6-PN, isomer of 8-PN) [1] [2] [3] . The presence of 8-PN has currently led to the wide usage of the hops in the production of dietary supplements to alleviate the symptoms of menopause in women, being particularly effective in reducing hot flashes [6, 7] . It is also a component of preparations for "breast enlargement" [3, 5] . Estrogenic properties and the potency of the 8-PN, which exceeds the already known PEs (eg. genistein and daidzein from soy or clover), make the hop a good alternative to HRT [7, 8] .
Hormone replacement therapy (HTR) not only alleviates menopausal discomfort but it also prevents osteoporosis caused by a lack of endogenous estrogen [6] . To prevent the proliferation of endometrial cells after the administration of estrogen in women with an intact uterus, it is necessary to add progestins to the composition of the HTR [9] . The need to search for the alternative therapies for HTR appeared as a result of a few alarming reports which proved that the hormone therapy may increase the incidence of breast cancer and cause thromboembolism, strokes, dementia and other life-threatening complications [6, 9, 10] . In addition, they carry side effects, such as abnormal bleeding, breast tenderness, weight gain and fatigue [1] . In spite of the risk of adverse reactions (caused by the progesterone component and increasing dose of estrogens), HTR is still recommended as the most effective in treating vasomotor disorders, preventing osteoporosis and protecting the cardiovascular system, especially when it is applied before 60 years of age, or during the first decade of the last menstrual period [6] . However, the aforementioned studies have contributed to the growing popularity of PEs which, due to their natural origin, are considered to be safer and free of adverse effects [10] .
Despite the effectiveness of the use of PEs, there is a possibility of the side effects that are associated primarily with endometrial hyperplasia, the risk of bleeding (as consequences of the prolonged, uncontrolled PEs treatment) [9, 10] . This is a particularly important issue concerning the potent 8-PN. It is difficult to assess the negative impact, due to the lack of clinical trials and insufficient control during the production of supplements [3] . The aim of this paper is to present the current knowledge on the 8-PN and the consequential assessment of the efficacy and safety of this compound in the context of menopausal disorders.
Phytoestrogens
PEs are plant compounds of nonsteroidal structure which, because of its similarity to 17-β-estradiol have estrogenic properties by interaction with estrogen receptors [11] . They may operate according to the mechanism of genomic (influence on the expression of certain genes responsible, among other things, for proliferation, or apoptosis) and non-genomic (eg. inhibiting enzymes such as aromatase). PEs include polyphenolic compounds, whose structure consists of one to several aromatic rings with multiple hydroxyl groups [10] . Polyphenols classified as PEs are lignans (secoisolariciresinol, matairesinol, pinoresinol, and lariciresinol eg. in flax seed), stilbenes (resveratrol eg. in grapes) and flavonoids. Among flavonoids which are PEs are distinguished isoflavones (eg. genistein, daidzein, glycitein, and formononetin from soy or red clover), coumestans (coumestrol eg. in the soy, red clover) and flavanones (naringenin, 6-prenylnaringenin, 8-prenylnaringenin from hop) [10, 12, 13] . The active forms of the most popular PEs from the isoflavones group interact mainly with the β subtype of ER, unlike 8-PN, which strongly binds to a subtype of ERα [5, 12, 13] . It has been shown that the supplementation of PEs (especially soy isoflavones) has a positive influence on the quality of life in postmenopausal women by reducing the sleep disorders and improving memory, inhibiting bone resorption and protecting the cardiovascular system (i.a. the beneficial effect of soybean lipid profile). Apart from the estrogenic activity, the additional benefits are brought by the characteristic properties of polyphenols (especially flavonoids), active antioxidant and anticarcinogenic [11] [12] [13] .
Menopause symptoms and causes of hot flashes
According to World Health Organization, menopause is the permanent cessation of menstruation resulting from the loss of ovarian follicular activity [9] . The perimenopausal period is natural biologic process connected with ageing and occurs at the age about 45-50. The first symptoms associated with menopause can be observed when the ovarian secretory function declines, and estrogen level (mostly 17-β-estradiol) in the blood decreases. The symptoms persist for several years after the last menstruation [9, 14, 15] . The estrogen deficiency leads to the imbalance in hormonal economy, which, in turn, can contribute to the development of many metabolic diseases. The prolonged lack of estrogen can cause cardiovascular disease, osteoporosis, osteoarthritis, degenerative disc disease, obesity, lipid disorders, impaired glucose tolerance, insulin resistance, hyperinsulinemia, type 2 diabetes and hypertension but also pain of join [14, 16] . It also affect the urogenital system leading to inflammation, atrophic changes develop, discomfort or urinary incontinence [15, 16] . Vasomotor symptoms (hot flashes, severe sweating, sleep disorders) appear earlier, several years before the last bleeding [15, 16] . There are also non-specific symptoms, such as behavioral alterations (anxiety, depression, bad mood, lack of concentration, apathy, loss of libido, sleep disorders) [9, 14, 16] and somatic discomforts (dizziness, headache, muscle and joint pain) [15] [16] [17] . The vasomotor symptoms experienced by women in menopausal period can be very nagging especially, hindering their functioning and thus requiring treatment.
Hot flashes are the most common symptoms of menopause and affecting over 80% of females. This symptoms could be mild, moderate or severe. [9, 14, 18] , while the bouts of hot flashes are short and sharp. Hot flashes are the most frequently reported menopausal complaints, which intensify bad mood, depression and decline quality of life, thus require effective measures for treatment.
The cause of hot flashes seems to be poorly understood. Estrogens mechanism of negative feedback inhibit the secretion of GnRH (gonadotropin-releasing hormone) in the hypothalamus and thereby reduce the release of LH (luteinizing hormone) by the pituitary and its level in the serum [9, 19] . The lack of estrogen disturbs the balance between the transmitters in the central nervous system (CNS) (eg. noradrenaline, dopamine, serotonin). The excess of noradrenalin strongly stimulates GnRH pulse generator and promotes the secretion of gonadotropins [9] . These signals can interfere with the thermoregulatory center located nearby in the anterior hypothalamus and neural pathways regulating heart rhythm. A disturbance in normal thermoregulation (i.a. by changing the conductivity of the skin and lowering the threshold for sweating) has been also observed [9, 19, 20] .
Moreover, a sudden feeling of heat on the face and trunk with redness of the skin, followed by the intense sweating (may also appear: a rapid heart rate, weakness or irritability) occurs. In addition, central nervous system (CNS), in the mechanism of the formation of hot flashes may participate in the peripheral regulation by ERs arranged in blood vessels (eg. ERα in aorta and uterine vessels) [20] .
8-Prenylnaringenin -characteristics and mechanism of action
The fraction of estrogenic activity from H. lupulus is obtained mostly from hydroalcoholic extraction of spent hops after the extraction of bitter acids (with supercritical or liquid carbon dioxide) [7, 21, 22] . Among the flavonoids, the substances which are proven to be the most important for hormonal activity are flavanones (isoxanthohumol, 6-PN, 8-PN, 6-geranylnaringenin or 6,8-diprenylnaringenin) and chalcones (xanthohumol -XN, and desmethylxanthohumol -DMX) [10] , which are intermediates in the biosynthesis of flavonoids. Prenylated derivatives of flavanones (like 8-PN) are secondary metabolites of plants and protect plants against pathogens, pests and environmental stress. 8-PN ( fig. 1 ) shows strong estrogenic activity due to the presence of prenyl group at position C8 by site-specific hydrophobic van der Waals interactions with ERs [7, 23] .
In currently conducted in vitro and in vivo studies, investigated hop extracts have been standardized according to 8-PN [1, 2, 21] . 8-PN similar to the endogenous 17-β-estradiol binding to ERs and in vitro showed the strongest estrogenic activity among the PEs [4] . It is 10-fold more potent than coumestrol and 100-fold more potent than genistein [24] . 
8-Prenylnaringenin -chemical structure
ERs are intracellular structures belonging to nuclear receptors, their endogenous ligand is 17-β-estradiol (E2). After E2 binding, they are dimerized, migrate to the nucleus and bind to DNA in the areas called estrogen responsive elements (EREs). Followed by attachment of the respective coactivators or corepressors, the mRNA transcription and protein synthesis takes place, which causes the effect of ER stimulation [25, 26] . There are two subtypes of ERs: α and β, which are distributed in varying concentrations, in various tissues and mediate many physiological processes. The activity of the agonist/antagonist in addition to the distribution of ERs and the concentration of compound is related to the structure of ligand [25, 26] . Both ER subtypes occur in reproductive tract, vascular endothelium, smooth muscles, myocardial cells, and central nervous system (CNS). ERα prevail in the breasts, liver, uterus, hypothalamus and pituitary and bones, while ERβ are located preferentially in intestine, lung, prostate, testis, ovary, the urogenital system, blood vessels as well as in hypothalamus [1, 26, 27] . 8-PN is a pure agonist ER (in vitro study) and strongly competes with E2 for the receptors. It has high affinity for both ER subtypes, but is a 2-3-fold greater in estrogenic activity relative to the ERα (in contrast to known PEs, that preferentially bind to ERβ) [1, 5, 24, 27, 28] . In order to produce the effect of stimulation, the agonist must cause a formation of a hydrophobic cleft within ER. Pockets binding ligands for ERα and Erβ are of different size and flexibility. Binding site inside ERβ is lower than ERα, hence the bond and the formation of stable conformation of 8-PN may be more difficult [26, 29] .
8-PN is present as a racemic mixture of two enantiomers 2S(-)8-PN and 2R(+)8-PN, while the majority of the natural flavanones predominates isomer S. The lupulin glands of hops do not contain chalcone isomerase. Both enantiomers have similar bioactivity with high selectivity to the ERs, although it has been shown that the form of 2S(-) has generally greater affinity for the ERs [24, 25] .
Studies on cells expressing ER (mainly transfected yeast cells or Ishikawa cells -human endometrial adenocarcinoma epithelial cells) and in animals (mainly in rats) not only have shown the similarities between the E2 but also proved that the strength of 8-PN is similar to the natural estrogen. The affinity of E2 to the ER is from 10-to 100-fold less, and in vivo activity is even 20000 times lower [1, 2, 24, 28] . In vitro 8-PN can also increase the amount of progesterone receptor mRNAs in the range similar to E2 [8] . Furthermore, studies have demonstrated that 8-PN is the first naturally occurring selective estrogen receptor modulator (SERM). SERMs are agonists or antagonists, depending on the tissue which determines it [30, 31] . 8-PN has a higher selectivity for ERα in bones than E2 for this receptors in uterus [20, 24, 28] . 8-PN exceeds the blood brain barrier and similarly to estrogen affects the endocrine effects attributable to the hypothalamic-pituitary system [20, 28] . This is responsible for the effectiveness of 8-PN therapy for menopause, primarily due to its ability to relieve the symptoms of hot flashes [9] .
Another feature of 8-PN is the ability to inhibit angiogenesis, to stimulate cell adhesion, the inhibition of cytochrome P450 enzymes responsible for, i.a. activation of some aflatoxin and anti-fungal properties [7, 32] . Both 8-PN and XN act as chemopreventors, mostly due to antioxidant mechanisms [30, 31] .
Pharmacokinetics and pharmacodynamics of 8-prenylnaringenin
In dry, female hop cones, the amount of 8-PN is lower than XN (up to 100-fold less) and IX (10-to 30-fold) [30, 31, 33] . However, the larger amounts of the powerful 8-PN result from the transformation of other flavonoids of hop. Figure 2 shows reactions that can increase the concentration of 8-PN in living organism. A direct source of 8-PN in the system is DMX, which is cyclized to 8-PN, while DMX may also proceed from XN [1, 21, 31, 34] . Second main precursor of 8-PN is IX. XN under the influence of temperature or acidic gastric juice undergoes cyclization to the IX [8, 30, 31] . The reaction of O-demethylation of IX leading to the formation 8-PN is catalyzed by the microsomal cytochrome P450 isoform 1A2, or it occurs as a result of the action of intestinal microflora (proved in animal study) [30, 31, 34] . The conversion in gut may increase the exposure to 8-PN even by 10-fold (study with incubation of fecal samples from healthy volunteers with hop flavonoids). The experience in a model simulating the human gastrointestinal sections showed that the aforementioned compounds pass unchanged through the alimentary tract, and most of the reactions takes place in the distal part of the large intestine [33] . The efficiency of these reactions in intestines and in liver strongly depended on the individual composition of the microflora and individual variability. Genetic differences in the activity of specific isoform of CYP 450 may also increase the risk of interactions hop supplements with drugs. Hop extracts in low concentrations potently inhibit the microsomal enzymes of the family 2C (especially 2C19, 2C9 and 2C8) and subtype 1A2. This can inhibit the metabolism and increase the harmful effects of some drugs, eg. statins, warfarin, certain non-steroidal anti-inflammatory drugs or paracetamol, imipramine and xanthines [35] .
Studies on pharmacokinetics and pharmacodynamics of 8-PN which carried out on healthy postmenopausal women with increasing doses of 8-PN (50 μg, 250 μg and 750 μg) [28] are administrated and the other volunteers were treated for five days, at monthly intervals, with the increasing doses of a hop extract containing 8-PN, 6-PN, IX, and XN [30] . The low oral bioavailability is associated with absorption and conjugation occurring both in the liver and the intestines. XN easily accumulates within the intestinal cells and binds to protein, so it can form a kind of reservoir of material for the production of 8-PN (moreover concentration of 8-PN increased after about one day of administration) [31] . 8-PN is absorbed in the intestines, the blood reaches the liver, there is mainly conjugation with glucuronic acid. Subsequently, the bile enters the intestine, where it is reabsorbed from partial deconiugation in the mechanism of enterohepatic recirculation. This effect is responsible for the long half-life (over 20 h) and two-fold increase in the maximum serum concentration (about 2 h, and approx. 5-8 h) [28, 30] . The metabolism includes the coupling reactions to form the glucuronide and sulfate. Elimination takes place mainly in faeces. It was detected that 8-PN has 12 metabolites which are produced mainly in the liver, as a reaction within a ring system and prenyl group [32, 36] . Tests with the enzyme obtained from human microsomes revealed that the most abundant metabolites are the cis and trans alcohols formed by hydroxylation in the prenyl chain (which show the property of estrogenicity 10 times less than 8-PN) [8, 32] . Estrogenic properties have also metabolites with alcohol and ketone group [36] and compound obtained by the desaturation central ring (6-prenylapigenin) [32] .
8-Prenylnaringenin and menopausal symptoms -animal studies
Potentially beneficial effect of 8-PN is a result of its selectivity for the subtype of the ERα. Therefore, bone tissue, uterus, mammary glands, adipose tissue and the hypothalamus are the most visible site of the efficiency of this compound [1, 26, 27] . However, an excessive postmenopausal uterine (and the whole urogenital tract) or breast tissue stimulation can cause various side effects, eg. unexplained bleeding, hyperplasia and even the development of cancer [3] . The tissue specificity to bones is the reason why that 8-PN may help to prevent the occurrence of the osteoporosis caused by ceasing of the secretory function of the ovaries during menopause, as well as decreasing levels of natural estrogen, which prevents an excessive bones resorption. The studies in animal models of osteoporosis induced by ovariectomy have shown that the subcutaneously administered 8-PN (0.67, 1.77 and 18 mg/kg/day) increases bone mineral density (BMD), compared with the control group [25] . At the same time, it does not have a significant effect on the uterus weight and endometrium (10 times weaker than E2). In this study, rats received three increased doses of the 2S (-) 8-PN by 28 days (the highest 18 mg/kg body weight), but this isomer in vivo showed no difference in the activity and potency in respect to the reacemic mixture of 8-PN [25] . The promising results for the prevention of obesity and postmenopausal, cardiovascular diseases were obtained in ovariectomized rats, treated for 3 months with two oral doses of 8-PN. Higher dose of 8-PN (68.4 mg/kg body mass) caused a decrease in body weight, reduction in total cholesterol and the LDL fraction, without affecting the HDL and triglycerides. The activity profile of 8-PN was more favorable than E2, as the E2 causes a decrease in HDL [27] . Although the dose of 8-PN used in that experiment were 10 times higher than the analogous in terms of the effect of dose E2, it proved the similarity of action of both substances on the hypothalamus and pituitary. The similarity detected in animal studies demonstrated that higher doses of 8-PN reduce serum concentration LH and FSH (follicle-stimulating hormone), and increase the level of prolactin. The higher concentration of complement protein C3, which is a marker of stimulation of ER α, is proof of the presence of ERα in the central nervous system (CNS) [19] .
The animal studies have not shown a clear cause -effect relationship between the amount of GnRH, LH and FSH after using 8-PN, because the decline in LH and FSH after the action on the pituitary response did not cause any change in the amount of GnRH in the hypothalamus [19] . This observation is confirmed by a decrease in tail skin temperature (TST) in ovariectomized rats after oral (7.5 mg/kg) and subcutaneous (400 μg/kg) administration of 8-PN. The observation of the TST increase after ovariectomy are carried out by means of the animal model used for the study of hot flashes. The appropriate peripheral ER antagonists inhibited the decline of TST [20] .
8-PN has estrogenic profile of action and is more selective compared to ERα, therefore, similarly to endogenous estrogen, it can produce the effect of stimulation in the uterus, breast and vagina. This is potentially the greatest disadvantage of this substance and may limit the use of hop extracts in the treatment of symptomatic menopause. Utherotropic effect, increasing the number of mitoses and leakage of radiolabelled albumin in permeability acute in vivo test (a result of a fast vascular response of the endometrium) was observed after the administration of 8-PN [4, 5] . The experiment on ovariectomized rats showed an increase in wet uterine weight after the administration of 8-PN and E2. In the threemonths experiment, in which animals were provided with 8-PN (doses 6.77 and 68.42 mg/kg body weight) and E2 (0.17 and 0.7 mg/kg body weight) with food, only the higher dose of 8-PN had effects similar to estrogen [37] . Estrogens stimulate the growth of the endometrium during the menstrual cycle in the preparation to receive a fertilized ovum. The low dose of 8-PN increased slightly the height of the endometrium, a higher dose would cause hypertrophy and hyperplasia of cells, similar to the higher dose E2 [37] . In contrast, E2 showed no signs of metaplasia, anaplasia, or highly increased number of mitoses. Also 8-PN does not extend cervix and reduces the purulent bacterial infections. However, the 8-PN stimulated the formation of polyploid structures in the form of myomas. Both doses of E2 and high dose 8-PN increased the expression of the progesterone receptor and stimulated the mammary glands to secrete exudation [37] . It was agreed that rats need 10-15-fold higher dose of the drug to achieve the effect similar to that of human, because the metabolism process in rats is faster [8, 37] . Hence, the similar effects in human can achieved at 10-fold lower doses and there is a risk that the effect on the uterus and breast can be dangerous even in minor doses of 8-PN.
The effectiveness of 8-prenylnaringenin in alleviating symptoms of menopause in women
The results of several randomized, clinical trials conducted with the participation of the population in women in menopausal age suggest that 8-PN is a relatively safe for humans. The already mentioned study on humans, in which women received a single dose of 8-PN from 50 to 750 μg showed good tolerance in patients [28] . The side effects, with the most common headache, gastrointestinal and allergic reactions did not result directly from the mechanism of action of 8-PN [38] . A similar lack of toxicity is shown in other aforementioned test on pharmacokinetics of 8-PN in women (increasing doses at monthly intervals) [30] . The beneficial effect in the menopause symptoms were demonstrated in 2006 study, which lasted 12 weeks and included 67 women. Patients in two examined groups received hop extract standarized on 100 μg and 250 μg 8-PN, identical to that of commercial preparation MenoHop. After 6 weeks, both doses resulted in a significant reduction in the modified Kupperman index (KI) and improved results in MENQOL questionnaire (menopause -specific quality of life) indexes, in which women assess the symptoms of menopause following appropriate point scales [7] . The improvement was primarily related to vasomotor symptoms (hot flashes, sweats). After 12 weeks, the trend remained, but it was not statistically significant, especially in case of higher dose of 8-PN. According to authors, the reason is the insufficient sample number of studied population [7] . Four years later, another study was conducted, in which 36 women were given the capsules with the hop extract. After 8 weeks, the women administered with 8-PN began to receive placebo and vice versa. There were no side effects [22] . Before the change of drug, in both groups improved results were observed, but after the completion of the study, better results were obtained only among patients taking capsules with hops, which proved the superiority of 8-PN to placebo [22] . In the last year, the results of the study, which was performed in Iran and involved 120 postmenopausal women, were announced. The first time hop extract was administered in tablet form. For 90 days, the participants were taking one tablet containing 500 mg of extract standardized to 100 μg 8-PN daily [39] . The Greene scale (for the characteristics of early vasomotor symptoms) and reports written by patient (observations concerning hot flashes) were used to assess the effectiveness of hops in the treatment of early complaints of menopause, which mainly involve hot flashes. The data were collected before the test, 4, 8 and 12 weeks [39] . The effectiveness of hop extract significantly exceeded the scores in the placebo group, after each assessment. Over time, the reduction of Greene scale outcomes was more visible after 12 weeks and reached nearly 90% of initial level. Similarly, there was a decrease in the number of hot flashes (about 95% after 12 weeks). Similarly to earlier studies, there were no adverse effects [39] . This data seems to be promising, but it should be noted that the doses used in aforementioned studies in women are rather high (although cannot exclude to achieve them). As discussed above, hop extracts contain other flavonoids (like DMX or XN) which can be transformed to 8-PN. However, concerning the status of dietary supplements, it is not always possible to estimate the real amount of chemical compounds in them. Therefore, in order to credibly determine whether 8-PN can be effective in the treatment of menopause symptoms we need more studies, which would involve both high and lower doses of this compound in wider groups and in longer period.
Is 8-PN safe for menopausal women?
Although clinical studies have suggested the efficacy and safety of extracts of hops, it is still difficult to clearly confirm their positive effects, as compared to other PEs. Just as in the case of other PEs, there are still not enough studies evaluating the long-term effects of the administration of 8-PN in humans in last years. This is important in the light of already mentioned changes in uterus of animals induced by this compound. In particular a disturbing factor is their stimulating effect on the uterus, which may result in excessive proliferation of epithelial cells. The stimulation of uterus is of particular concern, since it can lead to endometrial hyperplasia and risk of carcinogenesis. The literature has described many cases of abnormal bleeding in postmenopausal women who took preparations containing PEs. Among them, there are four cases reported in Netherlands, that may be associated with undesirable effect of the components of hop [40] . The causes of such atypical bleeding can differ (eg. anatomical abnormalities, polyps or tumors), but these women attended the same gynecologist and were taking preparations MenoHop and MenoCool and bleeding subsided after going off these supplements. MenoHop contains an extract of hops with a declared value of 200 μg 8-PN and soy isoflavones. The MenoCool extract has a larger number of PEs in its composition, but it contains more than twice the amount of hop extract. Hence, the amount of 8-PN is also greater, although it is not specified by the manufacturer [40] . In case of one of the women, the myomas in the uterus was found, which can be compatible with a similar, already mentioned effect that occurred in rats exposed to high doses of 8-PN. 8-PN is characterized by a large volume of distribution, so it can accumulate in the tissue of the breast or uterus and consequently cause a strong estrogenic effect by genomic and non-genomic mechanism [8, 30] .
The amount of plant raw material in dietary supplements with hops depends on the variety of hop plants, the place of growing, as well as climate, method of harvesting and processing [21] . The in vitro and in vivo studies that will help determine the effectiveness, safety, pharmacokinetics, pharmacodynamics and also detailed qualitative and quantitative standardization in case of such strong substances like 8-PN are still necessary and essential. Studies should also include other hop flavonoids (XN, DMX, IX), which can be converted to 8-PN and increase its quantity and exposure to this compound. Interconversions of these prenylated flavonoids and their metabolism dependent on the individual variability (i.a. activity of CYP isoforms and intestinal microflora). This is important to avoid adverse effects, because women seek formulations that alleviate menopausal discomfort. The questionnaire survey conducted in Italian pharmacies showed that the majority of women buying preparations of PEs tend to take them on regular basis, mainly in order to reduce hot flashes. Moreover, 70% of them did not consult this with the doctor [41] .
The complex and not fully understood mechanism of the action of PEs makes it difficult to determine how they can interfere with development of the reproductive system and sexual maturation. This is an important issue as young women often take the "enlargement of breasts" preparations that consist of hops and other botanical ingredients including hops [5] . It is still not known if they contain 8-PN, and its uncontrolled accumulation in the body can affect the offspring. In addition to the prolonged selfmedication, potential side effects can be a result of variable contents of other PEs in the preparations. It is not known what are the possible mutual interactions of 8-PN, which is a potent agonist of ER, and acts as E2, though weaker.
CONCLUSION
Although 8-PN is a compound having a potent estrogenic activity and seems to be a good option of HTR replacement, it is difficult to evaluate the long-term effects in patient. The emerging clinical studies aimed at evaluation of the efficacy and safety of PEs to alleviate menopausal symptoms still show high demand for alternative treatments in relation to HTR. 8-PN is a highly potent compound with estrogen-like activity, thus the side-effects after a longterm use of hop extracts can be severe and appear early. It should be taken into account by the physicians who recommended those preparations, as well as by pharmacists, who should raise the awareness of patients searching for supplements which alleviate the menopause symptoms. It is still necessary to conduct further studies that will fully explain the scope of action of 8-PN on the human body, thus facilitating the selection of dose, and the duration of therapy. This will contribute to the most beneficial use of this compound in the treatment of postmenopausal symptoms with the minimized side effects. 
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